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RECOMMENDATIONS FDR USING Jj^AINING' MODULES . . 



The following pagfes list modules and their corresponding numbers for this 
particular apprenticeship trade. As 'related training. classroom hours 
v.ary for different reasons throughout -the state! we recommend that 
the individual apprenticeship committees dividi the total packets to 
fit their individual class schedules; • • 



There are over 130 modules available. Apprentices can complete the 

" if 

whole set by the end of their indentured apprenticeships. Some 
apprentices may already have' knowledge and skills that are covered/^ 
in particular modules. In those cases, perhaps credit could be 
granted for those subjects^ allowing apprentcies to advance to the 
remaining modules. )[ 

We suggest the the apprenticeship instructors assign the modules in 
numerical order to make this learning tool most effective. 
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SUPPLEMENTARY INFORMATION 
ON CASSETTE TAPES 
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Tape 1: Fire Tube Boilers - Water llibe Boilers 



.and Boiler Manholes *and Safety Precautions 



Tape 2> Boiler Fittings, Valves, Injectors, 
' Pumps and Steam Traps 



-^Tape 3: Combustion, Boiler Care and Heat Transfer 
and Feed Water' Types 



Tape 4: Boiler Safety and Steam Turbines 



NOTE: The above cassette tapes are intended as additional ' 
reference material for the respective module^, as 
indicated, and not designated .as a required assignment 
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15.1 • 



STJiAM TURBINES — TJPES 



> 



Goal: 



The apprentice will be able to 
describe the comnon types of 
ste^m turbines.. 



4 



Performance Indicators: 

1. Describe impulse turbines • 

2. Describe reaction turbines. 

3. Describe compound turbines. 
A. nnscribe velocity blading. 
5. Describe reaction blading. 

(). Describe turbine compounding. 

7. DeBcribe other types of 
turbines. 



INSTRUCTIONAL LEARNING SYSTEM^ 





^ Read the goal and performance indicators to find what is to be leern'ed ^tlSm 
packago. , ■ * ' 

^ Read the vocabulary list to find new words that v/ill be used in . package, 

• ^ Read the introduction and information sheets. 

^ Complete the job sheet, . 

^ Complete self-assessment , 

* Complete post-assessment. - 



Of 



O' ■ 

ERIC 



'J 



17 



s 



INSTRUCTIONAt LEARNING SYSTEMS 



Vocabulary 



^' Compound turbines 
^ Condensing turbine 
^ Cbndensing bleeder turbine 
Cross jGornpound turbine 

* Extraction turbines 
Impulse turbines 

^ Kinetic energy 

^ Pressure compounding 

^ Pressure velocity compounding 

^ Reaction blading 

* Reaction turbine 

* Tandem compound turbine ' 
Turbine conpountliag 

^ Velocity blading 
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Introduction 




Turbines are a type of jnotor that is mounted on a shaft and consists of rotor 
blades that are actuated by steam, gas, water or other pressure. The steam 
turbine is common to the American industrial setting. ' / 

Basically, turbines operate on the principles of impulse and reaction. Turbine 
design uses these principle^, singly and in oombination^ to improve the 
efficiency of turbines. . ^ ^ ' 

> • ■ ; ■ I . : 

Efficiency invol.ves' capturing most of th.e force or energy of the steam that 
passes through the tufbine blades. Several methods of •^Compounding'' this energy 
have been incorporated into the design of turbine engines. 
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The steam turbine is u^ed by industries where power Snd heat is needed to perform 
processing. Refineries, p^per miUs^ food processing, heating |^|yjjts and many 
other industries utilize steam turbines as a prime mover. 

^ Impulse Turbines ' 



The impulse turbine uses stationary steam nozzles to turn a rotor with blades or 
buckets. Steam is, directed at high velocity at the blades. The high velocity 
of. the steam is a result of lowered steam pressure. As stearic pressure is 
reduced' th^ heat energy of the steam is converted into kinetic energy . The 
blades* of the . rotor convert the. kinetic energy into mechanical energy which 
turns the rotor and shaft. The impulse principle can be shown. 



LEADING 
EDGE 



FORCE ^ 




STEAM 
IN 



Section of Turbine Blade 



STEAM 

OUT- 



The velocity increases and pressure drops as the steam passes thr6ugh the* 
nozzles. As the st^am passes through the blades, the velocity drops htft 
pressure remain^ constan^^.. On impulse turbines, pressure at the inlet to blades 
is the same as that at the owtlet from the blades. 



Reaction Turbine ^ * 

In the pure f.orm, reaction turbines are not used in industry, The reaction 
turbine that/is common uses the principles of impulse and reaction. There are 
equal numbers of rows of fixed gnd rotating blades on the rotor ♦ The steam 
velocity increases as it passes through the fixed blades. As* it strikes the 
fixed blades, the pressure of the e^eam. is reduced and velocity increased due to 
a change in direction/ This produces a driving force in the same manner as on 
impulse turbine. 'The ^team w],ll next undergo a reaction process. The rotating 
blades are arranged in a manner that will allow the pressure to drop. Remember, 
in the impulse turbine the pressure remains the same as it passes through the 
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blades. In a reaction /turbarie,, this pressure drop allows more heat energy to be 
converted into a driviyrig force. The reaction turbinellhas a driving force .equal 
to* the energy converged by impulse and that fronuthe reaction. In both cases, 
the press^ure drop increased velocity;' converted heat energy to kinetic energy; 
and converti^d kinetyic energy into mechanical^nergy for turning the rotor. 
Commercial turbines /are often a combination of impulse ar^l reaction types. 

Compound Turbj,hes ^ ... 



Compound teurbines consist of two or more large turi)ines linked with one or more 
generators. A tandem compound turbine is two or ™re turbines hooked in series 
wit'h one gernsator. A cross compound turbine is a coupling of turbines in which 
v'e^ch is on its own shaft and has its own generator. The steam flows, from on^ -tb 
t'de other. ^ - 





> 



TANOEM-COMPOUND TURBINE 



CROSS-COMPOUND TURBlNt 



Velocity Blading , 
^ ' 

Velocity blading is a method of. reducing steam velocity from boiler pressure to 
exhaust pressure. Steam is expanded within one set of nozxles and routed 
through rows of moving artd fixed blades. The steam velocity is absorbed in the 
moving blades. The fixed blades act to redirect the steam to the next row 
of moving blades. Since the VQlocity is absorbed by several rows of moving 
blades, the blade speed is less than if the velocity was absorbed by a single 
row of blades. Velocity blading is a method for reducing the speed of the 
rotor,. For maximum efficiency, the blade, velocity should be one half that /)f 
the steam velocity* 
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; Reaction Blading 



Reaction blading uses th6 principles of impulse and reaction turbines to pull 
^ the maicirnuin energy from the steanr. As st;^eap expands in the fixed blades, 
Velocity incr^as^s and the pressure drops. Tlie increased velocity hitis the 
moving blades and exerts a ^orce on the rotor. The steam \ill continue to 
increase an^J decrease pressure and velocity a^ it passes through alternating 
rov/s of 'fixed and moving bTades^ This type of l)la.ding ''milks'* the last drop of 
~^"^ergy from> the passing steam, : • 



Turbine Compouncjing 



ti^i 



Turbine design attempts t8 utilize all of the kinetic energy availably in steam 
as , it passes through th^ Jt»lades. A number of methqds are used to capture the 
eaergy. Most are based upon the principle J:hat when steam expands, the velocity^ 
ifSVireases.' Three basic methods for compounding the energy of ^team are utilized 
in/ the design of turbines 

1. Pressure compounding . 

2. Velocity compounding 

3. Pressure-velocity compounding 

Pressure compounding drops the steajn pressure in stages, * The pressure drops 
occur as steam passes through nozzles, ThijS system uses several nozzles that 
are fitted into diaphragms to keep each stage of compounding separate from th^ 
others. As the steam moves into each row of blades, the blade speed is reduced. 
To get the proper blac^e speed, additional stages car^ be added. 

Velocity compounding, uses one set of nozzles and several rows of fixed and 
moving blades. As steam passes frj)m stationary to m.oving blades, a change of 
direction of energy occurs. Velocity is absorbed by ignore than one rbw of moving 
blades. The blade velocity is reduced to' a ratio or maximum efficiency^ Some 
*small turbines have Qnly single wheels and use return guides^ or njPbrsing 
chambers to change direction of steam and force it to give up Xts useful energy. 
The singel wheel types are axial "re-entry or radial re-entry turbines^ 



Pressure-velocity Compounding 



This system of compounding utilizes the principles of pressure and velocity 
compounding. Velocity compounded turbines are arranged in series ^on the same' 
shpft, A number of sets of nozzles are added to'give the desired- pressure drop. 
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■I 



Obher Clgssif icati^ons and Types of Turbines 



CAndensinR- turbines exhausts steam to a condenser where the,, heat of the stparh is* 
transferred to the cooling water and returned to the boiJer. A condensing- 
blee'der turbine has placets for bleeding tSff the steam at various points. The 
bleed steam is used fct^ hating the feedwater. * . . 

^ . . ■ V' ^ ■ 

Extrattion turbines allow 'steam to be extracted at one ^or more points^ The 
extracted steam can be used for'(purposes dther than heating feedwater as in *the 
case of bleeder turbines. ' ^ . * 

s *■»■■* 0- 

CfondensinR Turbines ' ' 

Condensing turbines (Jberate in conjunction with a condenser. The exhaust 
pressure is reduced below that of atmospheric pressure. The condenser changes 
the exhaust steam to water anti^re tufas it as boiler feedwater, 

Non-condensios Turbines 

^nali turbines often discharge th6 steam, exhaust into the atmosphere or uses it 
as process steaj.i. When steam is not retifrned to the boiler it is called, a hon- 
condensing turbine'. Condensers are not part of a non-condensing turbine. 
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^ Kead pages 1 - 12 in supplementary, reference. 
* CpDplete job sheet". 
* Complete self ^assessmen^/^pd check answers with answer sKee^/. .1^ . 

i I ■ ^ > 

. Complete post-assestmenff &nd ask instructor -to check your answers. ^ 



\ 
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Job Sheet 





ANALYZE TURBINE SPECIFICATIONS — ' 

r • ♦ ■ 

. ^ Obtain turbine specifications from a supply catalog/ equipment manual gr 
* other source. . . 

^ Read and analyze the specifications of a specific nodel turbine. 

Is the turbine an inipuise or reaction turbine? ^ * • 

- Is it a condensing, non-cpncjensing , extraction, bleeder tUrbine? ' ' 

- How is the turbine/compounded? ^ • . 

♦^ •W" Ask instructor to explain those features that you do not .understand . 
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•r 




Assessment 





Match the following gArbinp terms with appropriate phrases. 
1, Impulse turbine 




2',f Tandem compound turbine 
3. . Reaction turbine 
A. CropB compound turbin6 
5. Velocity co:apounding 



A. Method /of reducing steam 
velocity, 

B. Drops ste|pm\ pressure in 
stages. 

»• 

C. Exhausts steam to a condenser. 



» D; Converted from heat energy as 
pressure of 3teapi is redycqd. 

E. (^Energy that turns the rotor. 



6. Pressure compounding 



7. "Mechanical energy 



8. Condensing turbine 



9. Kinetic energy 



10. Extraction turbine 



f, F. Stationary stearn riozzles. 



G. ,Allov/s steam to bei^extract^d 

at various points ifv turbine. 

H. Not used in pure form by 
In'dustry. . . 

I. Two or more turbines in series 
with one generator. 

3 4 Two or more generators on their 
ov/n shaft artd with their own 
generator but using the same 
steam. 
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» Self Assesisment 
Answers 





1^ 



1. F 

2. 1 

3. H 
A. J 

5. A 

6. B 

7. I- 

8. C 

9. D 
10.. G. 
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.Post 

Assessment 




l^lark the follmvifv^ statements (T or F) true or false. 
1. Reaction turbines in iheit pure form are not used ir\ industry. 



2^ The so called'^ reaction turbines use both impuls^an^ reaction 
principles. 



3. As steam expands in the nozzles pressure drops. 



A» Velocity increases as steam pressure is reduced. 

5. A ciross-compound turbiTie is a series Of tlirbines mounted on a 
single shaft with one generator. 



6» Velocity blading is a method of increasing the speed of the rotor. 



7. Velocity compounding reduces steam pressure through a series of 
stages or nozzles that are separated by diaphragms. 



8. Condensing turbines return their exhaust steam as feedwater 
to the boiler by running it through a cond^^ser. 



9. KxtractioH turbines allow steam to be pulled from the turbine for 
other purposes such .as steam cleaning. 



10. Axial re-entry turbines are a large type of turbine. 
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Instructor 
Vost Assessment 
Answers 




1.,,. T- 

2, T 

3, T 

4, T 

5, F 

6, F 

8, T 

9, T 
10, F 



lA • 
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Supplementary 
References 





.,oCcNM;««pcmdencQ Course. \ Lecture 1, Section A, Third Class. Southern 
AVoerta Institute of Te\hni)logy , Klalgary, Alberta, Canada. 
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STEAM TURBINES ~ COMPONENTS 




•Goal: 



The apprentice will be able to 
describe the rtiajor components 
of a steam turbine. 



\ 



Performance Indicators: 



r 



1. ^ Describe casings, - rotors, 
- blading and casing drains. 

2. Describe packing glands, 
governors and extraction 
valves. 

3. Describe speed reduction 
gears, flexible couplings, 
and turning gears • 

A. Describe lubricating systems, 
thrust bearings, "ring-oiled 
bearings and pressure-fed 
bearings. 
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Read the goal and performance indicators to find v/hat is to be learned from 
package. , 



Read the vocabulary list to find new worqs that will be used in package. 
Read the introduction and inforniation sheets. 
Complete the* job sheet. 
Complete self-assessment . % 
Cor.iplete post-assessment. 



< 
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Vocabulary 




^ Blading 

Carbon ring seal 
Casin3s 
Diaphragm 

Direct connected governor 
Disc rotor 
Du;nny piston 
Emergency trip 
End tightening 
Extraction turbine 
Flexible couplings 
Flyv/eigHt governor 
Grid type extraction valve. 
Hollow drurn rotor 
Hydraulic governor 
Impulse blading 
Indirect connected governor 
Labyrinth seal 
Lubricating systems 
Main governor 
Mechanical governor 
Cil circulating system 
Overspeed governor 
Packing gland 
Pressure fed bearings 
Pressure governor 
Reaction blading 
Rin^-oiled' bearings 
Shroud ^1 
Solid drum rotor 
Solid forged rotor ^ 



Speed governor 
Speed reduction ^jeHrs 
Tang ^ . J 

Thrust bearings 
Turning gears 
Water sekl 
Welded rotor 
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A irurbrrrre consists of many components and systems' for converting stean into 
mechanical energy. An apprentice^ must understand how these components function 
and interact with each other to produce pqwer. 

This package provides an explanation of the basic coraponents and systems. With a 
basic understanding of the turbine, the apprentice v/ill have the framework for 
learning the technical aspects of turbine operation. The technical details of 
turbines are too complex to be mastered itT 3 learning package. A package can be 
a starting point.. Experience will bring technical competence with steam 
turbines. 

r 

<v 
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Information 




Turbine casings are of simple construction. They are divided horizontally so 
that on^ section can be renoved for inspection of the turbine. The casin 
joints are machined smooth to make a close joint. High tensile bolts are us 
to fasten the two sections of casing together in high pressure casings. A hole 
has 'been drilled the length of the bolts to allow for the insertion of carbon 
heating rods. Keating rods are used so that proper tensioning of the bolts can 
be made when the bolts are tightened. High pressure casings are made of. cast 
steel. • 

Low pressure casings are made of cast iron or fabricated steel. The exhaAist 
chambers ate braced with plates or stays to avoid distortion of the casing. . 

A boited high pressure casing is shown below. 




g Rod 



Rotors 



Thp hollow drum rotor 
inlet 



and drum. 



^ is forged in two pieces. One piece includes the ste'ani 

The other piece is the exhaust end shaft and diiSc. After 



i:iach'ining, the drum is shrunk into the exhaust end disc forging and secured •by 
bolts. The hollow druM rotcyr is liuited to sr.iall sizes because it is 

• susceptible to stresses* A solfflP drun j^s forced as a solid piece. It is use'i^ul 
in large ov^tput reaption turbines. • 



5 



Information 




.4' 



Disc^ rotors are made up of discs or wheels which have been 'forged separately and 
keyed to a central shaft. The outer. rims of the discs are grooved for blades to 
be attached. A disc type rotor for a low pressure cylinder .is shown, in the 
picture below. ^ ' 

WHEELS 



BLAOtS 




Solid forced rotors have wheels and shafts machined from one piece of metal. 
Their- single piece construction avoids problens of loose wheels. Machined 
grooves allow blading of the wheels. . 



Grooves for Blade Fixing 




Welded Rotoss 

Wslded rotors are nade by welding metal discs onto tv/o shaft ends. The discs 
are then v/elded together and blading grooves are machined into the outer 
surfaces. A welded disc is shownifc.on the next page. 
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Information 




if 'K 



Dummy Pistons 



Dumny .pistons are machilied but of the rotor forging at the steam inlet .end. The 
purpose of adumy pis^plpi 'is to balbance out the force caused by pressure drop as' ^ 
steam passes across e^ch set of blades: A baJ^ance pipe helps to maintain the 
balance of forces obtained by a dummy piston. ' .\ . I 



Blading ; ^ ^ 

Reaction bladina g*ives a pressure drop across both fixed and moving blades. 
Fixed blades are fitted in groov^es in the casi^^. Koving 'placles kre fitted into 
grooves in the rotor. The blades are nade complete v/ith snrpudin^ so. that 
installation is easier. The blades ard? serrated and fit into serrated grooves. 
They are locked in p^ace by side locking, strips. Sealing between the fixed and 
moving blades is critical for efficient operation • gnd tishtening is a type of 
sealing provided by controlling the clearance along the / line of shaft. 
Impulse bladiiig uses bladpsf that are machined from a solid oar. ^ A ta'na isleft 
"at the outer end for attachment of a s^iroud . The shroud helps to guide steam 
through the moving blades • The fixed blades of an impulisq. turbine has nozzles 
mounted in diaphragms . Diaphragms have two fixed halves attached to the teasing. 
Nozzles are attached in grooves of the diaphragm.. The various blade typej? are 
shown on the next pag^,. ' . ^ \ 
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Single Knlfe-odged 
Seal 



CA»lii| 



Serrated " 
LocklDg Strip 



Fixed 
' DUdea 



Double 
Knife* edged 
Seal 



Moving 
Blades 




Serrated 
Locking Strip 



Rotor 



H-p Reaction Type ll^i^t 




Impulse Type 



Separat(^ ' / 



^•Fixing 
' Rivet 



S;:;5crew 



if!'.!!" ■ 

■iMMIMIMIIill 



Groove in 
Diaphragm Plate 




Built-up Diaphragm « 

8 ■ " 
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Information 




Cylinder Casing Drains 

Water tends to collect at the exhaust end of a turbine, 

formed in the casins to aftow this water to drain to 

drains kee>p the water within all«4it^ble re\jels. 

Pqckina Glands 



Draining grooves are 
the condenser . Casing 



Turbines tend to leak around the shaft where it emerges from the casing, ^ Air 
must be sealed out and stean sealed inside the casing. Small turbines use 
carbon rings that areheld in place by a wire spring. The labyrinth seal' is used, 
by larger units. The labyrinth sojil consists of a seriorS of rings with sharp 
prajections that extend into groovy on the shaft. The projections are in. close 
tolerance contact with the shaffand prevent steam from passing .through them. 
Some large turbinefe use a water seal to ;xrevent leakage at the shaft. A ring of 
water under pressure is maintained on the outer rim of a runner ^which rotates 
with the shaft. This seals the gland against leakage. A combination of carbon 
ring,/ labyrinth and water seals can be used to reduce leakage at the shaft 
glana. 

Governors • . 

Governors control "the amount of steam that enters the turbine. Governing is 
usually controlled by tv/o governors* On'e Is to shut off the stean supply. This 
is called an overspeed or e.T.er?.ency trip ::^,overnor . The second one maintains the 
turbine at a constant speed and is called the main Roverner . The 
fly wei^^ht aovernor uses weights on the spindle that revolve with the spindle. 
Centrifugal force noves the weights outv/ard as the speed is increased. A 
liechanical linkage connects the governor weights with a valve." When the 
centrifugal force becomes great enough, the stean valve will be closed. This is 
a i.iechanical sovernor . If the flyweight governor is linked with a hydraulic 
system, it is called a hydraulic governor . A hydraulic unit is activated byj the 
centrifugal force. .The hydraulic syste^i will release oil under pressurV to 
operate a spring-loaded piston. The piston then operates the steam- val^^^V^ 

* On large turbines, a valve is used to ciorrtrol stean for each set of nozzles. 
These valve? ^can be operated by bar lift Mechanisms, corns or levers or by 
individual lilliaiulic cylinders. ' 



A mechanical 



mm 



peecf governor is shown in the fol lDJWi;;vg*'d rawing : 
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Information 





A hydraulic, overspeed governor 'is shown in the follov/in3 drawing: 

EMHRGENCY OVERSPEEO GOVERNOR 



EMERGENCY 
-TRIP 



HMO TRIP 
BUTTON 



BBSfcopY 




40 



THROTTLE 
VALVE- 



VALVE ^if'- ""^^ 
LATCH > 
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information 





A Rovernor may be direct connectea to che steam control valvea LhromjH o lliik.a;jti 
mechanism. In /the application where the governor is linked with a hydraulic 
unit which trivis the steara valves, the unit is an indirect connected governor . 
All 3overnor»,jj2fonsist of three parts: 

^ y 

1, GoveriTOD speed sensitive element which is usually flyweight • ^ 

2'. Linkage which transmits action of the governor to steam cpntrol valves* 
3. Steam control valv^es. \ 

Extraction Turbines ' ' 

Extraction turbines requires a governor th|t will contro| the flow of steara 
beyond the extraction point. Steam must be extracted and yet leave a flow that 
satisfies ^team rsquire.ients beyond thatpoint. A crid type extraction valve 
is made up of a disc that revolves on a. grid. Each have ports for steara to pass 
through. If the ^jorts' coincide, a full flow of steam passes through. Partially 
matched ports allow only a portion'of the steam to move by the ♦extraction "point . 
This allows steam to be extracted and still maintain pressure to other parts of 
the turbine. A ^rid type extraction valve is shown in this dr.awing, 

.OPCRATINO PI9T0M 




The pilot valve is operated by the pressihre oovernor to control the stean to the 
piston. The piston action Rotates the ejctraction grid. • A speed f^overnor is 
linked with the pressure governor so that the turbine speed is not changed by 
steam' extroction. j . / 



ERIC 



11 



41 



Information 





V 



1 

Speed Reduction Gears 

Often the speed of the turbine is too great for the speed of the machine to be 
driven. Speed reduction a^ars are used to slow the speed of the turbine. The 
gear sets are housed In casings and connected to the turbine and unit to be 
driven by flexible couplings. ^ 

Fl^ible Couplin?,s 

Flexible and claw-tyoe couplings are used to connect the turbine with generators 
and other driven units. 

SUEEVC 




pit OUTLET 



/ tVVth oil SUf'PtV 




GENERATOR 
ROTOR 



COUPLING JAWS 



TURBINE SHAFT 
TURNING GEAR 



Flexible Coupling 



Claw Type Coupling 



urninR Gears •• 

TurninB xeors are used to keep the shaft turning after the turbine is shut clown. 
The turning gear is needed to allow the shaft to cool evenly between bearings 
and avoid distortion from high operating temperatures. It consists oi an 
electric motor and a reduction^gear that remains disengaged when not in use. 
The turning gear -is disengaged^r engaged with the turbine shaft by use of a 
yoke and worm gear arrangement. 

Lubricating Systems 

Ur ie turbines have oil circulating sysCei.ip that lubricate bearings, governor 
mechanisms and generator bearings. I'iediun Size turbines use ring-oiled bearings 
and an oil circulating syster.i. Snall^ turbine^ are provided with ring-oilei 
beari^s with some hand oiling of moving parts. 
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Thrust BearlnRS 



/ 



Thrust bearings are needed to control axial thrust and maintain position of the 
moving parts in relation to the stationary parts of the rotor. 

Rins^-olled BearlnRs 

Tn« ring-oiled bearing rides free on the rotating jour'nal of the turbine. As 
the- journal rotates, the ring dips into an oil reservoir and carries oil up to 
the shaft. Grooves in the bearings channel oil to the bearings. 



Pressure-fed Searings «• 

The two main bearings of a turbine require a high level of oil to lubricate and 
control friction. The oil serves as a cooling agent as well as a lubricant tor 
main bearinss. To insure an adequate oil supply to the main bearings, a 
circulating pump is used to deliver oil >to the bearings. 



Oil Circulating 'Sjrste 



In an oil circulating system, oil is delivered at full pump pressure to the 
.overning mechanism. The oil is reduced in pressure and flows to anotner header 
t'hat supplies the bearings and other working parts. Oil then retujrns to tne oil 
reservoir for recycling through the lubrication system. 



SeCONDARY OIL 
RELAYS 



)Te*M ADMISSION 
VALVE 



PRIMARY OIL 
RELAY 

OVERSPCEO 
GOVERNOR 




OOVCNNOR 

1-7® 

LOW BCAniNO 



OIL pnessu^e 



imp ANO 
IMftOtTLt 
vAtVt 



PUMP 

ovinNon 

VAPOUR 
XtMCTON 



ot6lW AVAILABLE' \ 



OIUSICMT 

ovenrtow 



niutf vAtvc; 

AUNtUANV OIL PUMP > 

oil rtCStJ^vom^ 



. cCNTfiiruoc 
on riitcn 
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Assiqnment 


o 


• 

« 





''^ I^eaci pages 9 37 in supplementary reference. 
^ Complete the Job sheet. 



\ ^ Complete the self -assessment and check your answers with answer sheet* 

* Complete the post-assessment and ask the instructor to check your answers. 
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INSPECT A STEAM TURBINE AND IDENTIFY ITS COMPONENTS 

^ Locate a steam turbine at your job site or other location. 

♦ 

^ Carefully inspect the turbine and identify its working components* 

* Determine (if possible) ^ 

- How the casing is opened for inspection and location of heating hol6s in 
casing bolts. 

II • 

- Type of rotor 

- Type of blading 

- Location of casing drains 

t . ' ■ 

- Type of ^ seals in packing glands 4 

- Type of governoring ^Mechanism 

"V Type of turbine (condensing, non-condensing , extraction) 

- If the unit have a speed reduction rnechanisn 

f * ' . ■ 

- How turbin6 is connectK|l. to generator 

- If unit has turning gears-^ 

- Type of lubricating system 

* Ask a journeyman to explain components that are encased in housings or not ^ 
obvious from your inspection. 
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•Self ' 
Assessment 





1. High pressure turbine casings are made of 



2. 



3, 



ends. 



rotors are formed by welding metal discs onto two shaft 



blading of a rotor gives a pressure across both 



fixed and moving blades. 



4. The clearance along the line of shaft can be controlled by a type of sealing ^ 
called ^ 



5. A tang is left at the end of a blade so, that the 
attached. 



can be 



6. List three types of seals used in packing glands. 



1. A governor tijat shuts off the steam sup\)ly is 
oovernor. • ^■ 



8. A governor that maintains the turbine at a const^ant speed is the ^ 



governor 



9. A governor that utilizes a hydraulic unit to trip the steam control valve 
i's called a V* . . governor. 



10. 



moving parts of a turbine* 



bearings are used to' control axial thrust of the 



• t 
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S6lf Assessment 
Answers 





1 . Cast /Steel 



2. Welded , 

3. Reaction 

4. End tightening 

5. Shroud 

r . 

6. Carbon rings, labyrinth seal*, water seal 

f 

7. Overspeed or emerjjency trip governor 
, &• I^ain governor ! 

9. Hydraulic 
10. Thrust 



. I ■ 
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i 



/\ss CSS rn 6 n t 




1. What type of lubricating system is used on large turbines? 

r 

2. What type of lubricating system is used on small turbines? 



3, List tv/o types of couplings for linking turbines with generators and other 
aceseories? 



4. Turbine sp.eeds can be slowed to- the speed driven machines by the use 
of " . . gears. 

5. List a coiimon type of extraction v^lve for governing extraction turbin^. 

6. Which type of governor is used to maintain a constant turbine speed? 

I 

7. Which type of governor is used to shut off the steam supply of a turbine? 

8. What ife the purpose of cylinder casing drains?' . ^ 

■ f' 

9. What is th^ purpose of the tang on a blade? 
10, What is thei purpose of a dummy piston? 
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Post Assessment 
Answers 




1. .Oil circulating system ^ 

2, Ring-oiled. bearings .and hand oiling of moving parts 
3* Flexile and claw type couplinijs 

A. Speed redifction gears ^' 

'5. Grid type ^ ^ , 

6, Main governor 

7, Overspeed or emergency trip governor 

8, Drain wat^ that collects at the exhaust end of the casing 

9, For attachment of the shroud 

/■ .. # , • * 

10. To balance out the force cau^ecl by pressure drop across- each set of blades. 

I 
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Supplementary 
References 





Correspondence Course. Lecture 4, Section 3, Second class. Southern 
^Alberta |nstitiite of Technology. Caljjary, Alberta, Canada, 
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15.3 



SIEAM-TOBINES — AUXILIARIES 




Goa\\ 



The apprentice will be able to 
describe \steam turbine auxiliaries 
and their \f unctions* j 



ERIC 



Performance Indicators: 

1. Describe condensers. 

2. Describe feedwater heaters. 

3. Describe deaerators. 
A* Describe evaporators. 

5. Describe cooling towers. * 
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* Read the goal and performance indicators to find what is to be learned 
from package, 

^ Read the vocabulary list to find new words that will be used in package. 

* Read the introduction, and information sheets. 

* Complete the. job sheet. 

* Complete self-assessment • 
^ Complete pOst--assessment • 
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/ 



Air ejector 

Air release valve 

Atmospheric relief valve 

Central^ radial flow condenser 

Circulating water pumps 

Condenser gauge glass 

Condenser tubes 

Condensate pump 

Cooling tower 

Cooling water flow , 

Deabrator 

Down flow condenser ^ 
Electrical purity meajsurement ; 
Ejector ctfhdenser 
Evaporator 
Feedvater heater 
Forced draft ^cooling tower 
Hyperbolic draft cooling tower 
Induced draft cooling tower 
Jet condenser 

Mechanical draft CQoling.^ower 
Non-return valve 
Regenerative condenser 
Relief valve 
Shell 

Silver nitrate test 

Surface condenser 

Tule plates 

Vacuum pay-off relays 

Vacuum trip relays 

Waterbox 
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Introduction 





The steam turbine is the prime mover of d steam operated pover plant. But the 
turbine must have the help of other equipment to complete its job of converting 
i^eat energy into mechanical energy.'* The equipment that helps convert steam 
into mfechanical energy are called auxiliaries . / 

A steam plant ' operator m\ist understahd the operation of t»e turbine and the 
auxiliaries. This package is designed to acquaint the apprentice with steam 
turbine auxiliaries and their function in power production. 
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Information 




A simple eteam plant Is composed of the following components: 



Furnace 




Foed Pump 



Cooling 
Condenser 



-=j--rL--Lr Hoiwell 



Steam from the boiler passes through a superheater into^'the turbine^ The 

exhaust steam is transformed into water in the condenser and stored in the 

hotwell. A feed pump pulls water from the hotwell and supplies it as fedflwater 
back to the boiler* . 

Condenser 

.The condenser ii5 a heat exchanger. Its job is to convert exhaust steam to water 
so that it can be recompressed at boiler pressure • A surface co.ndenser uses 
river water or a coolinj^ tower to ttansform the exhaust steA into water. 
Another method of cooling involves air cooling of finned tubes that carry the 
steam. A condenser is made of. the following parts; 

* • ' 

- Shell of -welded steel construction vdth attached hotwell , exhaust neck 
and support 'plates, 

- Tube Plates made of brass or stainless steel. 

- Condenser Tubes of small diameter brass ot alloy which are attached or 
welded to the tube plates. 
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- Waterbox made cast Iron and bolted to the shell vrlth tube-plate cellar 
bolts. 

- Coollnj^ yater flow that; passes throug^h the waterbox. 

The efficiency ol a condenser is affected by the arrangement of tube banks. If 
tubes are properly arranged, the condensate can ba^ reheatetl and deaerated with 
steam in the coi^denser. A condenser that can utilize condenser steam tor 
reheating the condensate is termed a rej^eneratlve condensfer . A down flow condenser 
has a steam flow that is vertically downward. Central or radial flow condensers 
flows steam around the tube banks and radially to the center. Jet condensers 
use a water spray to cool the steam and both coolant -and condensate flow into 
the hotwell . The ejector condenser is very much like a jet condenser . Exhaust 
steam enters the cooling water flow and is condensed by mixing. 

Air ejectors are needed to remove air from the condenser. Air will build up and 
blanket \ the cooling surface. This reduces the efficiency of the condenser. The 
air ejector expands high pressure steam through a nozzle which converts the heat 
to kinetic energy. The air ejector jets trap air aiftt remove it from the 
condenser, 

A condenser has a number of safety fittings. The atmosphjeric relief valve 
releases pressure when pressures within the shell become greater than 
atmospheric pressure. This prevents rupture of the shell. Large condensers use 
vacuum pay-off relays and vacuum trip relays to protect against excess pressure 
in the condenser. A condenser yaURe Rlass shows the level of, condensate in the 
condenser hotwell. Excess water levels in the hotwell can be detected by a high 
water level alarm. Detection of leaks in the cooling waiter can be detected by 
an electrical purity measurement with a dionic tester # A silver nitrate test 
will detect salt in the cooling water. Manufacturer's instructions for specific • 
condensers should be carefully followed in operating a condenser. 
Circulating watoj? pumpfi for moving cpoling water are usually a vertical , 
propeller type, or mixed flow pump. Centrifugal pumps are used with large'^^ 
condensers. Condensatq[ > pumps remove the condensate from the hotwell to the 
aerators. Most condensate pumps are centrifugal type. 



5ejl(^f 



Fe edlwater Heaters ^ 

In bleeder trubinea^ steam is drawn off for the purpose of heating feedwater. 
As 8 result of bleeding, less exhaust steam is delivered to the condenser and 
the efficiency is increased* Feedwater heaters are used to help capture the 
energy that is normally lost as pt earn meets the cooling water « There are two 
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classes of feedwater heaters — low pressure and high pressure types. A feedwater 
heater has several safety and operational valves: ' 

Sa|ej|;v valve on the steam side to avoid overpressure problems. 

• *** 

- Relief valve on the waterbox to prevent excess pressure from thermal 
expansion of water. 

- Non-return valve to prevent steam from returning to the turbine. 

^ Drain valve for draining off condensate on steam side. Another drain 
valve'^on waterbox for draining water. 

Air release valve on steam side to bleed off excess air that blocks entry 
of steam. ^ 

Deaerators > 

A dearator removes the air from the condensate and heatfi it at the same time. 
Dearators are often called deaerator-heatere^. The condensate is heated ^o the 
boiling point which releases all gases. After the condensate is heated, it 
flows down over a series of trays. , The condensate flows to the bottom of the 
tank and the gases move to the top 'where th6y are vented off to the condenser. 
A tray type aerator is shown below. ^ 
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Evaporators 

Boilers require a pure feedwater. The .feedwatfer must be free of minerals. The 
best supply of piire feedwater can be obtained from bleed steam evaporators* 
Bleed steam is directed at evaporator coils which produce a vapor • The vapor is 
condensed in a low pressure feedwater heater. The evaporator shell is made of 
steeL and contains a coil and header assembly • The coll is looped inside the 
shelT, Baffles on the coils separate water from vapor. As the water 
evaporates, the solids (mineral portion) of water are left in the evaporator. 
The evaporator must be cleaned regularly to remove stale and solids from the 
evaporation proce3S. Clean surfaces offer better transfer of heat. 




SHCLL O^AIN . 



CoolinR Towers . • ^ \ 

In some settings, xoollng water must be used ovcur and over. This requires that 
the water by cooled after each use. A cooling tower or cooling pond is a common 
method for re-cooling water. In a cooling tower, the warm watfer is pumped ^o 
the top of the tower and allowed to drop over a series of splash bars. Tt^e 
water returns to the reservoiiKby gravity flow^ and is cooled along the wpy. A 
hyperbolic draft tower provide^ a chimney type suction that moves air past the 
cooling water. 
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CHIMNEY SECTION 



WMCR 0UTU1 



A mechanical draft tower forces air through the tower by a fah* If the fan is 
located at the base^ It is a forced draft type that pushes air tcfward the top of 
the tower. An induced draft type has a fan located at the top of the tower and 
pulls air from^he bottom. 
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* Read pages 1 - 37 in supplementary reference. # 

* Complete jol5^ sheet. 

* Complete th^ self-assessment and check answers vdth answer sheet. 

* Complete the post-assessment and ask instructor to check your answers. 
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ANALYZE A POWER PUNT FOR. AUXILIARY EQUIPMENT . » 

♦ 

^ (!!ltain permission to inspect, a power* plant, ^ 
^ Inspect the auxiliaries that support the turbine and boiler, 

* Identify by observation and interviews with employees: 

- Type and ports of the condenser 
Air injector location 

- ^ Safety fittings location and function 

- Feedwater heater arrangement 

- Deaerator arrangement 

- Evaporator arrangement ^ 

- Use of cooling towers or ponds and their arrangement 

* Sketch the flow of steam through the power plant boiler, turbine and 
•auxiliaries. 
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Match the foliovd.ng terms and 

!• Condenser shell 

2. Water box 

3. Tube plates 

A. Feedwater heaters 

5. Deaerator 

6. Air ejector 

7. Evaporator 

8. Condenser gauge glass 

9. Hyperbolic cooling tower 
10. Ihxiuced draft toA/er 



descriptive phrases, 

A* Used with bleeder turbines* * ' 

B. Uses chimney type suction for 
air flow, . 

C. Removes air and gases from 
condensate. 

D. Has a fan located at bottom, 

E. Made of welded steel constroiction, 

« 

F. Removes mineral from feedwater. 

G. Made of cast iron. ^ 

H. Made of brass or stainless 
steel , 

!• Shows level of condensate in 
hotwell. 

^ J. Removes air from condenser. 
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Answers 





1. E 

2. G 

3. H 
A. A 
5. C 




7. 
8. 

9, 
10. 



B 
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1. A 



as feedwater to the boiler. 



.\ ^ pump pulls water from the hotwell and supplies it 



2> A 



transform exhaust steam into water. 



condenser uses river water or a cooling tower to 



3. A 

the cofldensate. 



condenser utilizes condensd^steam for reheating 



A. 



condensers use a water spray to cool the' steam. 



5. •pooling water. leaks can be detected by an 
/ineasurement with a dionic tester. 



6/ Salt contamination of cooling water can be d 

test. 




7« Most condensate pumps are 



type p 



4 



uj^ps. 



f 



8. A 



removes air from the condensate and heats at the 



same time. 



9. The best supply of pure feedwater can be obtained by using 

evaporators . , 
— J ^ 



10. i A mechanidal draft cooling tower with a fan located in the bdse is a 

; y draft type« 
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i^ost Assessment 
Answers 



1. Feed pump 

2. Surface 

3. Regenerative 
A. Jet 

5. Electrical purity 

6. Silver nitrate 

ft 

7. Centrifugal 

8. Deaerator 

9. Bleed steam 
10. Forced 
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^ Correspondence Course. Lecture 2, Section A, Third Class. 

Southern Alberta Institute of Technology. Calgary, Alberta, Canada. 




16 



ERIC 



66 




15.4 



STEAM TURBINES — OPERATION AND MAINTENANCE 






Goal: mmm 


Performance Indicators: ^ 


s ; 

^ The apprentice will be able to 
describe steps in operating and 
maintaining steam turbine 
equipment* 


1. Describe startling procedures.. 

2. Describe operational procedures ♦ 

3» Describe stopping 'or %hut-down 
procedures. 


•* 


k\ Describe routine maintenance, 

V 

5. Describe instruments, controls 
t and supervisory equipment, 

- (C 


• 


' .V 


0 


.. . ■ ~ , . . ... . i 
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^ Read the goal an% performance indicators to find what is to be learned from 
package. 

* Read the vocabulary list to find new words that will be used in package. 

^ Kead the introduction and information sheets; 

. ^ Complete the job sheet. . 

' ^ Complete selfr-assessment . ' ' ^ 

. ^ Complete post-assessment. > . ^ 
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Vocabulary 





Alignment 
Blade fouling 

t 

Bridge gauge 
Clearances ^ 
Diaphragms i , 

Glands 

Horizontal eccentricity 
Kenotometer 
Supervisory equipment 
Vertical eccentricity 
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Introduction 




Steam turb:(^e equipment is constructed in many types and configurations. Each 
assembly will have unique features ♦ The manufacturers instruction manual should 
be followed in the operation and maintenance of steam turbine equipment* Safe 
operation depends on fallcwini^ the Recommended procedures in a sequential 



manner • 



This package will describe the general procedures for operating and' maintaining 
steam turbines, . Ap\)rentices should learn the general procedures and then turn 
to, operator manuals for information on the operation of specific turbines, 

8^ 
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STARTIMP A TURBINE 



New Turbines 



When starting a new turbine for the first time, the operator should take great 
care to ^ see that the internal parts of the turbine are ' clean. ' Feedt)ipes, 
condensers'^nd' other equipment should be cleaned to keep dirt out of the turbine 
blades* The system should be well lubricated before it is started for the first 
time. All safety devices, gauges and Seals must be inspected or tested to 
assure that thrfy are functional. ' ' * 

StartinR Instructions 

1. Check thd condensing plant. St^rt the circulating pump. Make sure that 
pipes and watei: boxes afre full of water and clear of air. 

2. Check lubrication system. Start auxiliary oil purtp and check bearing^g and 
valves for oiling* Start jacking oil pump. ^ ^ 

3. Engage turning gear to run rotors for warm-up period.' 

A^'^X^Set drains' on turbine and steam lines. Open by-pass steam valves. 
^ 5. Seal turbine shaft glands and bu,lld up vacuum in condensing plant* . 
•6. Start condensate pump and open recirculating valve on condenser. ' ^ 

7. Test emergency trip gear. Shut ^top valves and by-passes and open emergency 
stop valves and test with trip gear* 

r 

8. Open stop valve enough to start engine rolling. 

9. Close down the turning gear. ' 
10. Bring turbine up to running speed » 
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OPERATING A TURBINE 

> u • 

0| ^ratl(ynal Procedures 

1. .Test overspeed trip after governor has taken over control. 

2. Check the following before loading: . , 

- Bearing oil pressures anfl temperatures 

- Condenser vacuum ^ • 

- Steam drains 

• .* • . 

- Condensate recirculating valve 

Thrust adjustment on spindle . ^ 

- Auxiliaries such as feed pumps and extraction pumps 

3. Kedp careful watch on bearing temperatures, vibration and noise during 
loading. 

A. Engage lubricating oil coolers as needed to control temperature of turbine 
bearings at or near 50 C. 

5* Monitor the turbine under load for temperature and pressure of bearings, 
noises and vd^brations. The operator ' should have some standards for normal 
operation with . which to compare readings. Under load, the turbine 
pressures will be constaifit for that specific ''load. Experience will enable 
operators to recognize changes from the normal operating temperatures and 
pressures. 

6. Check the back pressure (fexhaust vacuum) by use of a kenotometer . ^ , 

SHUTTING DOWN A TURBINE 



Stoppina the Turbine \ 

1. ^et thrust-adjusting gear for maximum clearance. 

2. Open condensate recirculating valves. ' 

3. Open main alternatot switch after all load has-been removed. 
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A. Check overspeed trips, 

5. Close stop valves on turbine, 

6. Shut down aif ejectors to destroy vacuum. 

7. Open all turbine drains. 



8. 



Check the ^auxiliary oil pump to see that it starts to operate as turbine 
speed Is decreased * 



9. Engagd the turning gear, , t 

10. Shut off cooling Water valves to the oil coolers to retain heat in the pil., 

11. Shut off extraction pumps and circulating water to the condenser. 

MAINTENANCE OF TURBINES 



Blade Fouling 

Turbine | blades must be kept clean ^nd free of dirt and scale deposits, 
cleaning may bjp done .by washing or mechanical means. The turbine can be washed 
by forplng wet steam through the stop valves. With the cylinder drains open, 
/-the opte^ator can determine when the purity of the liquid drain indicates a clean 
^ turbine; Washing will not remove scale deposits. A mechanical cleaning must be 
f used to remove insoluble materials. This material can be removed by blasting 
the surfaces with an abrasive material. A complete cleaning should take place 
during overhaul while the turbine is dismantled. During overhaul', the blades 
-should be inspected for erosion and craifks.- Damaged Ma\les should be repaired 
or replaced. • . . 

« 

\ Glands » 

I, 

4'he operator can detect problems in the slrfif t glands bf" the amount of steam 
♦irequired for sealing. Dur:^ng,j|^verhaul, the gland pafucings must be cleaned, 
o^U justed for clearance or straightened as needed. 

/ 
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Diaphragms 




Diaphragms should be inspected for cracks, distortion, rubbing and fit*^ Nozzles 
should be cleaned and dressed. 

Alignment 

The alignment of turbine equipment should be checked if vibration is present. 
An alignment gauge is used to determine if alignment is correct. 

Clearances 

Efficient turbine operation requires that correct clearances maintained 
between fixed and^movj^,ng parts of the turbine. If the clearance is too great, 
steam power Is lost. Rubbing and wear of parts occurs if the clearance is too 
little. When blades, nozzles or packing rings are replaced, the operator must 
carefully check the clearances. The manufacturer manual y^ilV specify the 
correct clearances for maximum Efficiency of the turbine. 

Bearings . ; ^ 

Maintenance of bearings Is critical to the successful operation of turbines. 
Bearings should be inspected for wear, grooving and electrolysis. The bearings 
shtould be checked for their fit and tightness and adjusted when necessary. The 
oil orifices and pasi|Eiges should be checked to see if they are open. Clearances 
of bearings should be measured with a bridge gauge and compared with recorded 
measurements. Changes in bearing measurements show the amount of wear. If wear 
e^^^eeds the per^missable clearance, adjustments o^ replacements must be made. 

INSTRUMENTS.. CONTROLS AND SUPERVISORY EQUIPMENT / 



ERIC 



Controls and Instruments - # . * 

Some of the typical controls of a turbine inc^Lu^e: 

1. Wattmeter to measure load. ^ 

2. Pressurjp gauges to measure: 

a. Steam pre'ssjre « 
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b. Gland iteam leakoff 
c • Bled steam pressures 

d. Aerator pressure 

e. Exhaust pressure 

f • Bearing oil pressure 

Relay oil pressure for governor * 

3. Kenotometer for measurinR absolute pressure in condenser. 

4. Diaphragm gauges for measuring sub-atmospheric pressure. 

5. Deflectional instruments to show levels of water in reserve tank and aeratqr. 

6. Temperature meae^uring and recording instruments for steam and fe^^er. 

7. Dissolved oxygeh meters and hydrogen ion concentration meters for showing 
condensate purityi ' ^ ' . 

'8. Supervisory instruments. *^ • 

9. Indicators and alarms that show malf unctions^ 

i 

Supervisory Equipment ■ . 

Supervisory equipment is triggered by electronic signals and is used to detect 
problems caused tfy excess vibration . Such equipment indicates and records: 

y er t leal ^ ec cen t r ic i t y 
2\ Hbrizontal eccentriclt 



Differential expansioy 
A. Shaft speed 

Supervisory equf*fment is valuable to the operator in starting up, op^Vating and 
maintaning a turbine.-, It in(Jicates the condition of the rotor and allows the 
operator to correct vibration problems befor? they get out of hand, ' 
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^ Read pages 17 - 30 in supplementary reference. • 

^ Complete job sheet. / - 

^ Complete self-assessment and check answer with answer shpet* 

* Complete post-assessment and ask instructor to check your answers. 
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INSPECT A TURBINE CONTROL PANEL ' ' ' ' 

* Locate a site that* has a turbine control panel/ 

^ Carefully inspect each .dial and control instrument and record on the 
following instrument* \ 



>• 


CONTROL INSTRUMENT OR 
SUPERVISORY EQUIPMENT 


« 

PURPOSE 


UNIT OF 
MEASUREMENT 








■ .I .4^ . ^ ' ■ ■ ^ - ■ 
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* ksiV. operator to^ explain purpose for those dials, gauges, controls that were 
not included in this package. 
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Show the proper sequence of events for starting a turbine. Show the ptopfr 
Wequeyce in the spaces, atjright by numbering in irder 1 thru 10. 

^ 1. Start condensate pump and open recirculating valve. 

2* Set drains qn turbine and steam lines. Open by-pass 

steam lines. 



3. Close down turning gear. 
A. ^Test emergency wip gear. 
5. Cltfeck lubrication system. 



1 



6. Ch^ck condensing plant, Start circulating pump and 
make sure boxes are full of water and clear of air. 

7. Ehgage turning gear for warm-up period. 

i 8. Bring turbine up to running speed. 

9. Seal i^bine shaft glands 5and build up vacuum in 
condeiwing plant. 

10. Open stop valve enough to start engine rolling. 

0 
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Post 

Assessment 




Match the following terras with their related phrases, 

A, Kenotometer 



!• Caused by scale deposits on 
turbine blades. 

2^. Problems can be detected bv 
\ the amount of steam required 



for^ sealing. 



3* Shoqld be checked if vibration 
is present . 

\ 

4. Used to check clearances on 
^ bearings. 

5* . Used to measure purity of 
condensate • 

i' 

6. Used to measure sub- ^ 
atmospheric pressure. 

7. Indicates and records 
eccentricity and expansion. 



8. - Measures absoljute pressure 
in condenser. 



9. Shows levels of water in 
reserve tdnk and aerator. 

10. Measures electrical load. 



B. Deflectional instruments 

C. Dissolved oxygen meter 

D. Alignment ^ 

E. Bridge gauge 

F. Diaphragm gauges 

G. Glands . 

H. Blade fouling 
I* Wattmeter 

Supervisory equipment 



t 
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ffo5t Assessment 
Answers 





H 



G 



D 



E 



C 



1. 
2. 
3. 
4.- 
5. 



J 



B 



8. 



9. 



10. 



I 




INSTRUCTIONAL LeA(=)M.ING SYsfilis. '; 
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* * Correspondence Course. Power Engineering. -Lecture 6, Section 3, Sipcond 
Class. Southern Alberta Institute of Technology. Calgary, Alberta, Caneitla. 
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GAS TUppiES 




Goal: 



The apprei\tice will be able .to 
describe gas ^turbines and their 
opera tlonl 



P^rformcknce Indicators: 



!• Describe types of gas turbine 
systemfe, 

2. Describe functions of ^genera-^ 
torSi intercoolers and reheaters. 

3. ^Describe components of a gaK 

turbine system. 
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^ Read the goal and perforjnancQ indicators toUElad what is to .bej^rnfed fropi 
package. 

^ Read the vocabulary list to find new words that will be used in package* 

^ Read the introduction and information sheets, 

> '1 

^ Complete the job sheet, * • , 

^ Complete self -assessment, i . 

^ Complete post-assessment. 
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^ Axial flow type 

* Centrifugal type 

^ Closed cycle systems " < 

* Cjombustion chamber • 
^ Dual shaft machines 

* Dynamic type 
^ Ignition rod 

* Inner jacket 
^ Intercoolers 

• Open cycle systems ^ 

^ Outer jacket 

^ Positive^ displacement compressor 

* Regeneration 
Reheaters 

^ Swirler 

^ Turbine 
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Power plants are sometimes located^^ areas where steam turbines are not feasible 
or the purpos^ qf the plant does not justify a steam powered operation. Gas 
Aplven turbinQs are often more suitaljle in those cases. , . 

gas turbine operation has certain characteristics that make them suitable In 
s^me cases. They offer a simple plant layout with low installation costs. The 
gas turbine requires a lighter foundation than a steam plant and a much smaller 
location area. These characteristics make "them suitable for electricity 
generation up to 30 megawatts of output* Gas turbines find wide usage in 
aircraft, oil pipeline stations and operation of ships and ;railroads. 
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The gas turbine operates by 'passing compressed, hot air through the blades of a 
turbine. The air compressor requires "about 2/3 of the energy produced by the, 
turbine. The c^mpre^ed air enteri3 the turbine at some 700 C* * Higher 
temperatures increase the efficiency of the turbine but excessive heat will 
damage the blades, , . ^ 

TYPES OF GAS TURBINES ' ' i 



Open Cycle Systems . . : 

^ *■ ■ ) 

A gas turbine plant is composed of a compressor, combustion -chamber and^ a 
turbin^. Open cycle systems pull inlet air from the atmosphere and dump exhpust 
air back into the atmosphere. Some units have heat exchangers that save the 
exhaust heat and use it at the inlet. The process of saving exhaust hedit fs 
termed regenetation . A simple open cycle gas turbine ^^ant is shown in the 
following diagram, * 



Exhaust 




Fuel 



Comfclustion 
Chamber 



'Starting 
Motor 
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A pimple unit with a.hetft exchanger added is shown below. 
. • ■ Air 




Starting 
Moto r 



Heat ' . 
Exchan ger 




Dual Shaf£^ Machines 



Combustion 
Chamber 



Dual shaft raachines(^re used to imprpve efficiency in the generation of 
electricity when operating at part loads. The dual shaft arrangement allows the 
compressor and turbine speeds to vary while the secondary turbine a|d generator * 
run af a constant speed* A 'dual shaft arrangement is shown in tie following 
diagram. ' f. 



Air 



dtartiog' 



Compressor 



Euel Ifi 
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Combustion 
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RAj^nerators, Intereoolers and Reheaters 

The efficiency oi a turbine can \>k increased by the use of a regenerator to 
capture the thetmal vdlve of the exhaust vgaa, and return it to the iniet air ' at 
th combustion chamber ♦ Another ^fficiiency improvei^ent can be made by 
inter cooling the air during compression. Th:jls process reduces the work to the 
coihpressor . If the ait is reheated during its expansion within the turbine, the 
output 6f the turbine (San be increased, ^terfeoolera and reheaters are devicies 
used to improve the efficiency of gas turbines • The diagram below shovis the 
girrangement. of regenerators, intereoolers and reheaters in a dual shdft turbine ♦ 



V. 

*1 



L-p ' 
Compressor 



Air 



\ Exhaust 



to Stack 




Regenerator 



Comj^ressor 



Interoooier 



Water 




DIAGRAMMATIC LAYOUT 
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Closed Cyclg Systems 



An ^ open cycler- system pull* its, air from the atmosphere an4 dumps it back : as 
exhaust. A closed ' cycle system circulates the air through its system I' 
continuously; Air heaters 4iJ[ a^e required for heating the air that ' enters the 
twrbine* Coolers arp used to cool the alir before it entfers thfe compresspr* The 
air healer is the .major drawback to the >U8e of closed cycle plants. -A diagram 
of ' a closed cy,cle sysitera is shown beloy* ; v ' vV- 
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- : gAS XUR.BINE COMPOKIiNtS 



' , Compregsora 

.• ' . ■ ' •■ ■'■■'■! ■ . ■ ■ ; . ■ ■ ■ ^ 

A . Positive dlsplace^^ ippmpiressork 'pull Ih air 'and compress it before releasing 
it to the turbine* Soime type of reciprocating j^i^ston or VotarV device is - -used 
' to comprese the air. Several typqa of^^^^^^^^ comipressors. are 

^ used^ irttR^ turbJ^n$^ p :lv : ' / v * S 
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Information 




!• Reciprocating type • ' . 

2. Lobe type % , ^ , 

3. Vane type 

A dynamic type comp5;essor uses rotating bladc$- to squeeze the 
^' compresQi^d state. Two types of dyn^ic compressors' are used in» 
* opera tion . ^ \ 



air into . a 
g^is J turbine 



1. Centrifugal type 

2. Axial flow type 



I 



The lobe typfe compressor is common to gas turbine ^pplltations because ijt can be 
built i^ laj<ge sizes and with maximum efficiencies. 

Combustion Chambers . , 

The combustion chamber heats the air ' 

between the compressor and* turbineT./ / 

Remember that the air is cooled before 

entering the compressor and heated before ' 

entering the turbine. ^ At the top of the 

combustion chamber is a swlrler . and - 

ignition rod . As the air^ enters ne6r 

the bottom of the chamber, it moves upward 

between an innpr jacket and an outer jacket . 

As it moves upward, the air mixes with 

combustion gases. At the top, part of 

the air is minted with fuel by the Swlrler 

and is used Jn the combustion process. 

The hot gas leaves the combustion chamber 
/and . moves into the turbine. Igijitlon-' 
' rods are 'Used to light the Combustdon 
^ chamber, rThe following, diagram shows 

parts of a combustion chamber* 
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Turbines 



The major difference between gas and steam turbines are in the blading. Blade 
spacing is greater in the gas tulrbine because air low requires fewer \ stages 
than steam. Gas turbine blades are subjected to higher temperatures and must b^ 
constructed of heat resistance metals. typical ^as turbi^nejand its components 
are shown below. ' 



Single Beonnq Generotor- 
MO'n uuD"COUon Oil Pump ifT>p*lier> 
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INSTRUCTIONAL LEARNING SYsSTEMS 





N ^ Complete job sheet'. 

^. Read pages 22. - 34 and Al - A2 in supplementary reference.. 

\ ' .. . • 

, ^ Complete self-assessment and check answers. 

^ Complete post-assessment and ask instructor to check answers. 
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Job Sheet 





INSPECT A GAS TURBINE PLANT 

^ Locate a gas turbine plant in the conmiunTEy . 

Ask permission to pbsetve the unit. ' I ^ 
* Identify the following: 

- Manufacturer of compressor and turbine 

- Single or dual shaft 

< - Does it have a. heat exchange (regeneilfetor )? 

- Does it have an intercooler? ^ 
' - Does it have a reheater? ' ^ 

- Location of generator 

- Type of compressor 

- Location of combustipn chamber 

^ Ask questions of operator until ypu fully un-derstand ' the parts and function 
of the gas turbine equipment. 

r 

Observe start-up and stopping procedures if possible. ^ 




\ 
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• Self 

Assessment 




Match the f qllowing -<^enns and phrases, 
1 • Regeneration » 



A, Temperature of air entering a 
gas turbine. 



'tl, Positivje displacement compressor B» Saving exhaust heat for improved 

thermal efficiency. 



3, 700 C 



Intercools air during compression* 



A, Lobe 

5. Swirler 

6. Closed cycle system 

7. Axial flow 

8. Intercooler ^ < 

*' • ■ 

9. Dynamic type compressor 
10. Reheater 



D. Reheats air. during expansion 
within the tur'bine. 

E. Continuous circulation of air 
through system. 

F. Common type of compressor to- 
gas' turbine applications, 

G. Uses rotating blade to' 
compress air^ 

H. Uses reciiprocciting piston or 
rotary device to cgmpress air, 

I. Mixes air and £uel in combustion 
chamber. ^ - 

J. Type of dynamic compressor. * 



o < 
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INSTF^UCTIONAL' LEARNING SY.STf MS 





\ 



1. An 



' > > cyc^^ turbine .system takes inlet air from the 

atmosphere and dumps, exhaust air back into the atmosphere. ^ • ' 



2. 



3. 



A. 



The process of serving exiioust heat is^^c^led 



Dual shaft machines iraprov,e ef f iciency>)f turbines when operating •at 
^ load, ^ . " • . * 



Reheating of- air during its expj^nsion in the^turbin^ can be accomplished by 
the u6e of a ' . ^ 



5.. Cooling of air^ during compression is accomplls|)ed by the* use of an 



6. A 



cycle tuVbine system continuously circulates . ai^ 



I- 



through its system without dumpirtg el^haust into the atmosphere. 



7 , Li^ three .types ot positive displacement' compressors, 



8. 

•1 



List two types of (lynamic compressors 



9. 



10. The ^ 



chnjmbfer , 



/ 



\ 



' rods ane used to light the cotibustion chambers. 



mixes air with •'fuel at the top of the dombustlon 
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Instructor 

• • • % ^ 

k 

Post Assessment 
Answers 





1. 
3. 



Open 

Regeneration* ' • 
Part 



A. Reheater 

5. Intercooler 

6. Closed ^. 

4 i 

7. Reciprocating, lobe, v^nie 
8/, Axial flow, 'Centrifugal 
9t Ignition 

10. Swirler ■ 



'X 
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Refepiences 




* Correspondence Course. Lecture 8, Section«3, First Class. 

Southern- Alberta Institute of Technology. Clalg^ry, Albert?, Cpnada, 
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